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LOS .4LAMOS PWR FEED-AND-BLEED STUDIES

SUl@&lRY RESULTS AND (:ONCLUSIONS*

hv

Il. E. Boytick. R. J. Ilenninger and J. F. Lime

Safety An;llysis Group

Energy Divisioil

Los Alamos N~tlon~l Liiboratory

AllSTRACT

T]] e ~dequiicy of shutdown dcctiy heat removal in

pressurized water reactors (PWRS) is currently under
investigation by the Nucleur Regulatory Commission. one

pilrt of this effort is review of feed-find-bleed procedures

that could be used if the normill cooling mode through the

steom generators wzs unfivailtible. Feed-tind-bleed cooling is

e~lected by munu~lly tictiviiting the high-pressure inject icln

(111’1) system and opening the power-operuted reliel” viilvcs
(PORVS) to releuse the core dectiy energy,

The fctisibility of the feed-tind-bleed concept us iI

diverse mode of heat remov~] hiIs been rv~lutited at the Los

Al~mos Ntitiontil Lilb(~rtitor~, The TRA(’-PI:l code has been used

to predict the expected perl’orn~tincrs tll’ the (konee-1 tind

(;dlvert (-liffs-l rcdctors () 1’ Ihil)couk and ki lcox ilrll

(.(~mhust itlr, I:ngineering, respcctivelv, ilnd the Zion-l tind

Il. l). Rtll>inson-2 plticts 01 Wcst:nph{~usem l’eed ~nd bleed k’il$

\ULLCS\l”UllV il~pllCd In eti~h (~1” the I’our plil~t!+ studied,

pr(’v]ded ]t wtis initldted I1(J Iiller thtir. the time () 1’

ll~\\-ill’-SecondilrV I]eilt sink.

teed tint.1 bleed Wil!i suc~cssl’ully applied in two (~1’ ttle

plilnt%, (kf~rlecl iIl:d ZI(\n-1, provided it Wil\ Ir,itliltekl 1111

lillCr thiln lIIL’ time ill’ prip,:lrv system hiltlll’iitloll, Iecd illld

h]eed In (“illVCrt (“111’ is-] Wl)Ctl initluted ilt the t ime (~1

primilrv system Siltllrilti(lll did result ]n ~or~ dr~i~ut :

h(lwevcr. till’ cure hCdtUp Wil!i Cvetltuilllv t~rmlnilted hy

lnJcctiofi,~(}(llilnt l:eed tind bleed inltiut ion ilt primilry

svstcm !iiltllrilt loll WilS !1(11 studied l’(~r 11, 1), Ntlhlns~~n-2.

Inslyllts devcl~,ped durin~ the dnillvsek (1I specil”tc

plilnt trill!slents llilVC been idcntil’ied find documented. Ilil S ed

iIn tllc dct,ll led result% l“rom tile specific Plilllt stlldlch iIlld

t 11(’ I:)slphts developed, I’ccd-iind-bleed leiiSltlilitV

\tillell)i’l)t\ I (1I’ t 1}1” l’(~u r ])lilllt% htudlrd i n dCtilil ilrl’

Cxtcnd[’d ti$ li17~1C1’ gr(lupk [II I)WI/s l,~r wl~lcll spr~”il’ic,

(l(’till ICII Ilhil lV\C\ llilVC n,lt I)cril pcrlormrd, ‘rhcSC extensi~ln

%l,ltcmrllt~ ill’e iilr~:elv h,lsrd {II: ll;tpctll~~l; l{~r klmilhritv ~11’

111)] dcllvcrv CllilYilLICrl Stll\ illlil IUIRV rcllcl’ CilpilllliCSm
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1. ! NTlt( )DU(.T 10N

The U. S. N~cl ear Rcguldtorv (’~~jssj~n (NRC) htis identified d n~mber of

nuclear -stil’etv issues requiring Iurther irlvestigfit ion. Thesr have becc

designated as unresolved sdfety issues (LIS]S), tind action p]zins have been

prepared to resolve them. This p~per describes one pdrt 01” the effort to

resolve USI A-45, Shutdown Decuy-lietit Removnl [l].

iced ilnd bleed has been proposed fis one method of removing decay heat from

pressurized waler rea.tors (PWRS) fo]]owing tntul loss of’ feeclvtitcr (LOFW).

Feed ilnd bleed is u plocedure ,n which coo]unt is lnjectcd into the primary

system, by stil”ety and/or non-sufcty grtide systems (I”ccd). ~bs~~rbs the core-decay

bed’

rel

Wou

the

(~)

and ]s re]c~lsed to the contllinment (bleed) thr(,ugh the power-operzitcd

el’ vtilves (PORVs ). ]:eed-und-bleed procedures fire of interest hecausc they

d use equtpment ulretidy existing in the pltifitsm The specil’ic ~teps tuken in

~CCd-ilfid-lll:Cd pr(lcedure c(lnslst ~J1’ (1 ) lockIrg ~Jpen the pressurizer l)()~v%,

Initiiltil:p Sill et\~-ln,lcct ior (S]) l“](~w. dnd (.3) trippin~ t]le re;lctot-ct~~l]ant

(’1il”l”\-1 plunls 01 llill)Ct)Ck ilnd k’ilc(~x (IMW) ilrld fomhll~tit)n Ilng

rcspccllvclv, illld tile ZI(JII-1 illlll II, 11, it(ll)ins(lr-2 plilllt!+ (11’ k?$’
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feed-?.nd-bleed procedure based on the detailed plant analyses perfcrmec!, The

final study objective wiLs to extend the plant-specific conclusions to the

broadest possib]e group of PWRS.

2. METHOD

The detili led plant models were developed at the LCS Alamos National

Laboratory in recent years. Th C Oconec-1[2], calve-t C1iff-l [3], and

H. B. Robinson-2[4] plun%.models were ticvelopcd fc)r pressurized thermal chock

studies. The Zion-l model was developed spccificolly for the feed-tind-bleed

study. The transients were calculated using the TRA(--PI”I computer codc[5]. Th c

TRAC-PF1 C(ldC WiIS developed at Los Alumos National Laboratory under the

sponsorship of the NIK- tn prnvidc tidvtinced best-estimate predictions of

p~stulotcd accidents in light-water retictors. Major code fetiturcs include iI

ru]l two-f]uld (six-equilt ion) hydrodynamics model to describe stciim-wuter flow,

d flow-rcglme dependent constitutive cqutit ion packtige. iI comprehensive

heut-trunsfcr m[~delin~l cup;lbllity. and an cfficlent comput~t ional ~lgorithm for

one-~lmcns]on~]” comp~~nentk, In

threr-dimensions il” ilL(UriltC C il

pdttcrns inside the reilCt(Jr’ vessel

uddit ion, the vessel ctin be modeled In

culat ion of complex mu ltidimtnslonfil f I (’,W

is irnportunt during the trtinsicnt.

llCL’ilUSC there is Intcrtst in the plant transition l’rom rcuctor trip tt)

1)0111 il h(lt . pressuri7,rd l!~llding c(}ndit i(}n and t[~ h(}t s]IulLl,Ih.11 (entry cotldit Ion%

l(~r either the rcSlduil ]-l)cilt-rcrnoV~ I (NI1l/) ,~r l~~w-pressure-lnjccti(~ll (1-1’1 )

svstemsl. WC nil Ve l~f’ntll’le~ L’rltcr]il t(\ meil+ur~ t])~ sll~~c+~ (Ir f’ili~u],c (![” i,

I’eed-iilld-hlcrd pr(lcc(lurc Iu e;lcll L’il!+C. I’(Jr trill?sltl(!n Irom reil~’tt~r trip 1,1 il

hot , pre~surlzed h(IldIII~ ~ondltl(]r-,. WC Llflllle %UILL’%S ii!+ ilttilillll)Cllt [~1’ il \tilllle

pr)miirv svstcn~ llilVln~l t tic l{~llt~k’inf tllrcc lhill’ilC tel’iStlUS. l’irst. t 111’

prlmilrv-sv~len: lIrcs+Urc Is ;IIIIIVC tllc ilL’t Uiltl(ln prc~surcs 1“~11’ Il(ltll tllc 1.111 sv\iL’n:

illl(l ilL’CUm Ulilt(l l%, svstcm illl(l VCSSCI mil!i!i~VL(lnd, Prlllhlry Illvcllt(lrlcs illC StillllC
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increasing. Third, fuel-rod cluddlng temperatures arc netir or below the

miiry s~turat ion temperature with PO depilrturc from nuclcfitc boil ir.g (drv,}ut).

This is iI short-term success crilcrior in th~t fur!hcr iict ions must he

taken within a limited time to insure ]on~-term success, !iucfi actiol:s include

rcstortit ion of secondary-side [.ocling or initiatio~ 01’ suLt](Jn from the

containment sump combined with pumping the sump fluid to the high-pressure

injection (HP]) s~stcm inlet pressure. F’or transit ioti from reactor trip to hot

shutdokvn. wc define success as completion of a controlled primilry-svstcm

deprcssurizat]on tind cooldown to achieve conditions permitting long-term coo]ing

using either the IUIR system or the 11)1 system taking suction from the

contfiinrnent sump.

Initially. we identified a Commor set () 1’ initiating everlt~ Ior

](lss-of”-scctlndur~ cotlling. The events were i) 1o11” even? induced by ii l(\ss-of-

off’site power, i.I LOF’A initi~tor with ~~l”fsitc power ilviiiltiblc, tind other events

c(lmhinsd with iI Lol’W, These were il milln-stcamlinc breuk, iI muir-1’eedlinc bre~k.

und il sinplc- tuhe stedm-prner!t(~r tube rupture. We determined tllilt the resp(~nse

01” the pldrlt to the LO1”W ]l:iti~tor wi]~ the best indiciltor 01’ ~lil~t rcspocsc i]nd

Cri ticill timitig durlr.~ d l’ecd-und-h]ecd pr(~cedure. Th:rel,~re, olll\ Lol”k”

initliltt)r results ~re rcp(~rted here, .4ddit i(~niil results tire pre%ented IF the

I’lllill stUdV rcp~lrt[(~].

3., I) I: T41L1;I) PI.,4N-I hl:SUl,T\

In tllc l“t~ll(lwing sccti(~ns we hrlel”lv drscri!)e CilL’h PlilEt l’(~r wh i L 11

delililcd plart triln~l~pt til;illv~c~ were perl’i~rmed illl~l summilrizc key results,
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3, I Calvcrt ~liffs-1

(:tilvcrt Cliff s-1 is a 2700 MWt (;-~ PWR opert ited by F)altimt\re (iiL~ ilnd

llcctric (Tompdny. The plant has two hot legs and four cold legs. The two stetim

generators are vcrtictil shell and U-tube units. The reactor cooltint IS

circulated by fouT RcPs. An electrically heated pressurizer is corinected to the

hot leg of one loop. Primary system overpressurc protcrt ion is provided by two

PORVS and two spring-loaded safety relief valves !SRVsl connected !0 the

pressurizer. The S1 system includes HP] iLnd 11>1 ctiptibilitv as w<]] as chtirging

flow and accumulators. Three chargirg pumps deliver iL smtill flow totaling

8.3 kg/s (]8 lbm/s) independent of primary system prcss~re. The 11P] pumps huvc

iI shutoff pressure of B.B Ml~iI (1275 psia). Above this pressure. on]y chilrging

flow i~ possible. Four accumulators are provided. e~ch connected to one 01’ the

fllUT cold ]cgs. Shutdown cooling can be initiated when the primury pressure find

temperature ure below 2.08 Ml)ti (300” psia) and 422 K (300CI:).” rcspective]v.

TWO (;alvcrt clirl’s-] LOI:W transients will he discussed IR dttuil heCiluse

thev disp]tiy the importunl systems interactions during iI iced-find-b]eed

pr,lcedure Ior pl~nts lacking ;J llig]]-pressure S1 ~tip:ll)il]t~. Tt]e I“irst trilnsitnt

~s\lAmcLI the opcrutors initiated feed und bleed i~t the time i’1’ l(l\%-(~1-\rL(JlldilrV

heat Sink. This oc{urred tit 1250 s wllec the steun)-pcnerutor Sccondilries I]ililed

drv. KC il%sllnled thtit tile fecdwtitcr rii)kldr(~ppcll to zer~~ lnsttintly ilt the Stilrt

01” the trtinsient, The primarv svstem pressure l“l~r this trunsienl IS shown i~

l’lg. 1. Thf pressure dr(~pped rilpidl~ to the ~ilturiiti(ln pressure ol’ thr hi~ttest

I’IUILI ir tht prl[llilr’j f(~llowin~ ilL’t i(~ll tlv tile (Jp(?rilt(!r 1(I I[}ck (~pcn l)(~tll l)oltV~.

111)1 l’l(~h Ile[:lri ilk tllc pressure drop~)cd l~el(~w tllc 111)1 pump sllut~ll’1’ prrssurc (Ii

~.h M1’,1 (1275 pslil), Ili)wdvcr, tl)c prlmiil’t ll,UllCtlliltl’ IV Ilegilll t,l rcprrssurl~,r

l)l”L,lu\t’ ttle Villlol” [CllCriltL’Ll Ir th~ C(~rC (~jll]~l I’,,1 l>r ICI ICVC(I ttll’~)llptl tllr ]’()~~~

WhIC]I I Ir\t ~ilSS~L] tW(l-~]lilSl’ I“luid illld Iher llquid llC~llllllll~ ill 1S()() s, ‘1’111
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pressurc increased iib~vc the HP] shutoff head at 210(~ s lctiving rrlv the small

ch~rglrg flow to replenish coolant rel ievcd through the PORVS. By ~boo” S the

]iquld level In the vessel upper plenum dropped 10 the level of the hot legs and

prr,vided a vapor p:lth to the PORVS. The primur~ pressure then began to decline

with the greater volumetric removal Tatc through the POW’S, The pressure

declined rapidly at 3800” s as a loop seal cleared, recovered. und then resumed

its slow decline until HPI flow recovery occurred at 5600” s. The minimum vessel

liquid mfiss inventory wiLs rcfichcd just ufter I!PI initiation but the vessel soon

begun to refill as shown in Fig. 2. The cladding temperature remained ncor or

below the c~~rc averii$c soturtit ior tcmpcr;,ture throughout the trdnsle~t tis shown

in Fig, .3. lie see that the pltint was successfully transit ioncd from rcuctor

trip ICI iL Il(lt pressurized hc~lding condition when the feed-and-l)lced procedure

Wil h iritliltcd n~~ ltitcr thun lo’; s-of-sccondorv hctit Kinkm Although the

cdl~ul~tlllr Wil S no t Liirr]ed out t~) R}lk! (Ir L])] system cntrv uond]tlons.” the

eslahll+l)cd rhles (} f Llepressuriz; ltion und cooldown. II malntti ined. W() u 1 L1

triln%ltiilr. the pl,lr,t to cntrv ct~nditit~ns using or,]y sul”etv-prade k’ille? supplies.

]’,)r the se~(,nd trd~sl:nt we dssumed the oper~t(~rs deluved inltl;ltlng

leell-alld-hlerd l(!ll(~wln~ the l~lss-t~l”-se~(~ndary heat sink until tl]c prlm;lry

hvsten: 11::1! SdtUrillCd. Th I s (}ccurrcd tit ~c)()() K ~~r 27,5 mlnutC\ nl’ter

lt~\\-tll”- •ec(~lldiiry tleilf sink. The primury pressure l“t~r this trill-lsient is shl~wn

Ir I“lgm 4. l~ollowing,” tht Lot:k” e~’cnt. the pressure rilpid]v dccreilsed iind

%till)lli7.t’d il t ].l. S Ml)il (1900” psig). Al”ter l(~ss-(~1’-sec(~ndilrv heal sink ilt

125(1 !+, lhL’ 1)1’lm;lrv ll~filll t(j repressu:]zc. Thc P(IRVS opened initiilllv ilt 165~) s

,11:11 Lvl 1 (’(1 lrrr~JUliirlV t~! l!li~itllillrl tllc svstcn: pressure i.lt t!lr PORV setp~!llll

111’.tl I 1111’ lL’C(l-il llll-lllCCll pr(}ccdllrr Wil~ Illitliltcd ilt 290(I %, In C(JlltrilSt t~l tllC

I ir~l lr,II;s IcI:l, lllllilil Y\’ ]}l”(’~~lly~’ (Ill’ llO! 1!’11 IIIIIV dClrCil%r WIIC17 tllc l)ONV\ wCrL’

l,)(kc(l .,p,.,], h!;IllIcI, thr primilrv s?ly.il: t(~ ~:essllrlzc hr~ilu~l’ tile IU)KVS were
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paSSin~ tw(~-phase fluid. which had a lower rate of volumetric relief thari the

vapor genera tll)r. rate in the core. The primarv mass depletion was verv rtipicl

af”ter the POKVs were locked open il~d by .l~()(~ s the upper

the hot-leg centerline and established a vapor path from

the hot legs. once vapor relief through the PORVS was

pressure began to drop rapidly. Following clearance of

pressurizer- loop pump-suction leg, ii nearly constant rate

plenum had vcided to

the upper plenum into

established, primtiry

the loop seal in the

of pressure decay wtis

estiib! i shed until the pressure dropped bdlow the HP] shutoff pressure at 6700” s.

The vessel liquid mass inventory during the tr~nsient is shown in Fig. 5. Th c

rapid inventory decrehsc followir.g feed-and-bleed initiation and the inventorv

building following HP] initiation are cleurly shown. core Uryout occurred in

this transient whereas it did not in the first transient. Core dryout sturted

tit 4~(N~ s ;Ind cl~ddlng temperatures reached 820 K ( lolbo~ ) as shown in Fig. 6,

(-ltidding hetitup wtis ternlntited tit 6800” s after HPI was restl~red tis tile presstire

dropped hel,~k the 111)1 shutol’1’ he~d. Although the core hedtup wils tcrrrln~ted

t]ef”i~re t.tumtiging the core. the criteri~ for ii success!’ul f“eed-iind-bleed operat ior

were not Silt l+f’lL?Lt,

We ills(~ exumined the illlpilct () 1“ equ]prnent !dl lures (In the ilbilltV tf!

comlu~t a su~’cesslul f’eed-and-l)leed oper~t ion ut the time or l(~ss-t~l’-sec~Jndilr\?

l)eat sink, We found thilt il’ onlv one of” the two PORVS were avflilahle. d core

drvout would occur tind the f’eed-und-blcccf procedure w(~uld J’tiil, We ti]stl (ound

thtit 11’ only ~)ne of’ the tw[l nt)rmtillv ~vuilahle 111)1 system pumps were tivtiilahlc.

u core drv~)ut wl)uld (lccur and the feed-ilnd-bleed prt}cedure wLIuld f“tiil.

.J,~ ()~()llee-1

oc(lnt’c- ] IS ii 258.! MWt !MV I)WR (,pcrilt~d IJV I]llke Power (’(lmpiillv. Tlle p]tint

llil~ lWt~ 11(11 11’y< ;I;ld Itlur u(jld lcgsm lht’ tw~j stCilill pcllCrilt(Jrs fire VCrtlLill

(lllce-tllrtlu~,ll unilk. I“llt rCilClor (()()]ill~t Is clrcultited IJV I“olll’ Sl)ill’t-St’illeLl
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RCPS . .Ac electric~lly hc~tcd pressurizer is cornccted to the hot leg of one

loop, Primary s~ster overprcssure protection is provided by a single FIORV and

twc~ SRVs connected t~~ the pressurizer outlet. The S1 system includes the 111)1

Syster. the LPI system tind accumulat~~rs. The HI’1 system differs from that 01’

~alvert (-liffs-l in thfit iI larfe coolant flow [26.90 kg/s (59.14 lb/s)] can be

delivered tit the PORV setpoint by the twc normally used HP] pumps. Two

accumulators are provided, eiich attached directly to a reactor-vessel

core-flooding nozzle. Shutdowc roo]ing cilr lle initiuted when the primury

pressure and temperature are below 2.5 M1’iI (365 psia) and 422 K (300’’1:),”

respectively.

We examined the response of oc&nee-1 to severul Lot%” initiators. in ciIch

cuse we assumed the main feedwater flow dropped instnntlv to zero itt the start

ol the trtinsie~t. The time t~~ ]oss-of-sccondd~y hcilt sink with once-through

stedr ~ellf?rdtllrS OLCUr\ more rfipidlv thtin for systems with U-tube steum

penertitt~rsm lie f~~und the stetim generators could not ri=mclve the dectiv heat by

bo s tind the sccond~rles were corcp]etelv dry bv 200” s, IIectiuse the opcr~tor

must muke a decislc~r. I(! initiate I“eed tind bleed so curly in the transient. we

turned our attent]on t~~ determinin~ the success or f~lilure of I“eed ;)nd bleed

lnititited later IF the trilnsiefit at primtirv svstem scturtit ion. We l’oun~ ttris to

occur ilt Llll(lUt 1200” S. The primilrv pressure during this tr;lnsient is sh(~wr in

l’ig. 7. The dectiy energy exceeded the energy rcm~~ved bv the steam Eencrtitvrs

~nd the pressure tind temperature of the primary hegtin to incre~se. Primurv

liquid expilllsl(~~ ct~mpressed the stetim at the top 01’ tile pressurizer. tind ~t

140 \ t]lr ]x)RV i}penrd, ,At -I(N) s. prinmry liquid cxpilnsion I“illed the steiir:

\~ilLC lr, tl]e pre~~urlzer ill?d liquid l>eg~n ti, j’]t~w ~,ut the sinple PORV. Althouph

tllti l!lil~~ I’l(lk ll:Lleil S(’il. tlld v(~lullletrlc I“lok W;IS lr~s t]lil17 ttlc V(J]hllletriC VilF\J1’

gctlerill]l)ll rilte ]1: thr core and the svstem pre~+urized hricflv tcJ the SRV
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setpoi fit at 500” s, The primary system heated to saturation ;tt 1200” s, at whic]l

time the operators were assumed to begin the feed-and-bleed procedure. However.

the PORV had olready beeu fully open for some lime because of the small relief

capacity of the single Oconec-] PORV. The primury pressure did not begin tt~

decrease until about 3000 s when the relief cupucity of the P(IRV wiis sufficient,

Within the vessel, the minimum vesse] ]Iquld ]nventory W~S reached at ~b~ut

1400 s and the core wus refilled by 6900” s, At 7000 S, core cooling b~ water

flow u!one was sufficient to remove the core decay energy iInd bt~iling ceased ic

the core. This is shown in Fig. 8 which shows the coolant flow becoming

subcooled in the hot leg fit 7000 s. The cladding temperature remained near or

below saturation throughout the course of tlie trunsient. Thus, I“eed and bleed

initiated not later than the time of primary system stituret ion w~s successfully

transit ioned to a hot. holding condition.

lie iIls(l examined the feasibility of coc~]lng tin] repressurizing the p];int

to either RIIR or LPI svste~ ectrv cond]tioris. Becuuse 01’ the small PORV reliel

ctipacit,y. the repressurization Wa 5 s 1L)w iind ~ ~, extended transier.t k’il \
,.

envisioned. Therefore. wc used TRA(’’-PFI to colculate the tru~.sient t)nlv t,t

14500” s. We then used ~inear extrdpo]tition from the cfi]culated primary pressurr

and temperature curves to predict thut RIIR ct~nditlt>ns would be reuched ut

approximti?e:,v 225(N) s, There wiIs sufficient stil_etV-grfide wdter storilge t (,

~omp]ete coo] lng find repressurization to ldllJ enTrv conditions.

As w]th (;alvert (.III1”s-I. we exarrirled the itllpilCt ()[’ equipment fui lures on

the abllilv to conduct iI successful I’eed-und-bleed (~perotic~n. However, we

I“(lcused (jr the UnilVili]illlllltv (1[” equ:pclent dt the time a cont~lnrnent

overpres$ure k!gndl would he generdled. W)() s. riither thiln ilt l(~SS-O1” -SeC(JndiirV

lltilt Sll?k. Ke Jld ni~t c~lnsider I)ORV Ul;i)V;ll Iilllllitv t)eCilUSV olt,nee-1 llil~ (JCIY ,1

single PORV urd I’eed and I)lced w{~uld not he p(lssil]le with the I“ai lure (~1’ thr
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slnplc PORV to [’pen, We did exiirnlne the ability to cool and repressurize the

plar. t to a hnt. holding condit ior. usir. g ~Jr.]v one (}f the two 1[1)1 pumps norm] IV

used. The decre~sed HP] j“i~~w exten~ed t]le time to key events, For example. the

primary pressure did not begin to decre~sc until 4290 S. The minimum vessel

liquid m~ss inventory w~s reached at 4000 s und then incre~sed until the end oi

the calculation at 6800” s. The cladding tcmpertiture rem~ine,d netir or below the

saturation temperature throughout the trunsient. Therefore. feed and bleed wfis

successful in oconee-1 if initiated at the time the c[~ntainment overpressure

signal was gencriited. even il” 50L~ CIf the ]{])] Ldpil~ltv Wds ]ost.

3,3 Zior-1

Zion-l is a .3250 MWt ~ PWIJ opertited by (.,>rnrnonwealth l;dlst~rl. The plant hi~s

four hot legs and (our cold legs. dThe (~~ur steam gerer .ors are vertlc~l shell

1
;Jnd U-tube units. The reuctor co(}]ilnt ]s cirl.ulatecl hv l~lur R(-Ps. .4r

electrically heated pressurizer is connetted to the hot leg 01” ore ]O(lpt

I]rlmdrv svslem overpressure protector is pr,~v:ded hy two PORVS find three SkVs

c~lnnected tl~ the pressurizer. Tile S1 system ircludes 111’1 und 11)1 cuptihilltv tis

well as ticcumulilt(~rs. Lion-l is ii hlpll-pres<ure s] plilnt:” tWt) %illdt~-~rild~

centril’ugiil Cllurging pumps deiiver il t(ltill (}1 20.6 kg/s (45.4 lb/s) tit the I)ORV

srl point, ilT!d t%’() S1 plln?ps provi Ie addl liona] sill’etV-grdLle L(~(!lant I“l(lh dt

Icttrmeclliltr pre~sures, l“o14i iJLCUnlblilt\)rs ~re provided. each Lonnected 1(I orr

7h’C$.t lng]liJUsF-~ilnlS Kit]l S1 %llut-~)rl’ pressures preil!er t In the PORV Setp(l]rl
urc c~~~sidl,red high-prcs~ure (Ill’) SI plil17tS: Iloc-1 Is SI,IL’11 il plil~t,

Krstlngll(}use plunt~ with shut-oil pressures less tl)iir, 1(~..l Ml)il (15(M) p~lil~ ilre

ciilssll’ied ils Iow-preksure (Llj) 51 plil~t~, Pliints with S1 shut -tll”l’ pressurc~

~lrcilter tl)il~ 10.3 M]JiI but less thill’1 tile l’ok!V %etp~~lnt ilr~ clilSSll”l~Ll il~

]r,termed liite-pressu re (11)1 S1 pl;lnts. lll(lh-pre$~ure S1 Svsten’s d,! not II;,vc

LllilY~lll~ pllmp~ t~ther l~lilll in the S1 svstem. WIICrtil% L]’ tind ]IJ $1 plitpt~ I),lvr

SCpilrille IIlgll-pressure L’llilrglIlg pumps wlllc)l arc pilrt (Jl” tl)~ chernlcill iilid v(!lunw
~l}~lrt,l \~%lcl:: (ll\~l_! -!iill’t>tv [YilL1l’~ ratllcr tllilll IIIC $1 ~V*tCl!i.
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of the cold legs. Shutdcwn cooling can he

and ter,perature tire below 3.04 MPti (-1-1[) psig

.41thou~h many Zion-1 LOFW trar~ients

nltiated when the primary pressure

find 450 K (3500]”), respect ivt]y.

were calculated, we tire able t ()

lrovide the most complete picture of ~he plu~t feed-and-bleed c~p~.bility for the

]roceciurc initiated at loss-of-secondary heat sink. Thi. occurred ut 3000 s

when the steam-generator secondaries boiled dry. The primary system pressure

for the event is shown in Fig. 9. With the loss-of-secondary he~t sink ~t

3i)()() S, the primary pressure ..,: tempcrtiture began to rise. 1{1)1 W;IS inititited

and the pressure rise terminated wh~n the opertit(~r opene(l the N)RVS short]y

theretilter. The primary pressure Gecre-lsed rupid]y to tile sutur~t ior. pre\\u7c

Di” the ht~ttest fluid in ttle prinl~ry The r~pid pressure decreuse slowed und

stalled by 3200” s us tile 1101. nefir]y sttign~fil iiquicl ]E the vessel upper heud

Ilc’gan tf} hi,i]. The minim~m ves~el liquid mass lnvent(~rv was redched at 5(N)(~ s

ii:: showr, In I“igm lo and tile vessel reiilllng prl}cess continued urti] t]le enJ lJf”

the calculated trtinsient iIl 8600” ~,, Throughout the course of this trtirkient the

cludiiing tempertiture remtiined either near or bcli~w stitur~t ion. In ilddlt loll,

there was sul”l”ic lent IK)KV ctipticitv t(} repressurize the prim;lrv even wtli]c the

primiirv wilS rece]ving thr n’ilXimUm 11])] l“lf}w, Thus. tr\I tl]e end (n’ the Ci,]Culited

trunsient the primtiry Wils l)~)th c(l~~led ilnil dCpr ’ssUrlZfI t{} the N]IR entry

C(}ndit l(lns, ll~~wever. the ~ti]Cu]fltI?Ll cot ]l](lk’11 riltl’ Wil\ exces~ :’.: il~(l It Is

likelv tllilt t]]C 11]]1 WOUILI t)c t]]rolt],,(l ~LI \lt}w tlie I;lte (II’ C(lt)]dowl; [’or tl))s

trilnsient.

We ditl n~ll dlrcctlv StUdv 11)~ L’il%e 01” le4YL1- illlLl-lllCCl; Illltl;lt loll ilt prll!lilrV

svktcnl SiltllTilt 1111! (-lh75 s) [ (11. Lll)l!-lm WC .1I 11 L’Xill!lllll’ Il)c Cil\L’ () I

l“CCL1-ilnL!-ll ]C(’tl lllltliltl(l~ ilt ttll’ t II1lC PI ~’(lnlillnfllunt (lvcrpressurc (~oi)s s) illlll

111(11(1 tll,ll tllc pl;llll Wil% %Ll,[cs$il!ll]v Irilllsitl(\llcii t(l i] 11,11 , lltllllln~ (,111(1 1 1 lt~l”, m

\’I_’ ill!+(~ [’Xillt:lll C(l il L’i151’ In Wlllcll ICC’(1 [lnlv (IJONV Il(lt ltll Kcll (l PCI: Ilut 1(’11 t[l
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cycle at its sctp~)int) was used after the time of primary system saturation.

The Zion-1 HP] delivery rate wiIs sufficicntlv high. even at the R)RV sctp(’int.

to terminate fi core b~atup. We coIIcluded that feed-and-bleed inititil<d ht the

time of primtiry system saturation would be successful.

We investigated the imptict of equipment failures on the ability to conduct

a successful feed-and-bleed opcrtition at the time of loss-of-secondary hctit sink

for Zion-l. We first cxtim]ned the ftii lure of one of the two PORVS to open.

With decreased PORV capticity, less core coolant wtis lost and the minimum vessel

liquid inventory wds less thtin in the n(}minal ciIsc. By 3500” s the vessci liquid

mass inventory Kil s increasing. The cludding tempertiture WtiS nc~r f~r bc!r,w

sut~rfilion throughout the trunsient. Thus . the tr;lns]t ion to o !~ot, hoicliny

condition wiIs succe~sful, “We UISO exumincd tl~e unavailability 01” one churging

ilnd one SI put-lip. With the l’ull PORV CilpilCit~ but reduced coolant in.iect ion

cdpucity, tile vessel inventory decreased

exilminedm However, by 6(I(N) s the vesse

increilse. Ap~IE, the clildding temper;ltu

to the lowest level 01’ the cdscs

liquid mass inventory I)epill? to

re Wil S IIf=tir () r he ] (Iii Siltllrilt l.~11

throughout thr trill,sienlm The tr~nsi i ion to ii lll~t. ht~ldinf rt~ndit 1o11 WilS ilpiliri

successl’ul,

3,4 Il. 11. I/ill)

II, II. Not>

illlll l.iphl (’(llllpilll Vl TIIr st~iln; ~cncriltt)rs ilrr vu’rticill Sl)el I il!lll 11-lUI)C ul;i I\l

TIIr II Il. ltt~lIIIl\\II1-2 plil~t i% ii 1~~”*’-prcssurc SI plilnt, Wc pcrl’{~rmel! {~nc I.ol’k”

ilt)illv!+lk l~}r 1111’ il. 11. N(\llins~)n-2 Plilllt illld ilsSUMCLl tllill tll~ n~~n-sill’ctv }J1’illlr,

111[1)-plrsSl:l’L ch.lr~’lny pumps WCTC ll(lt ilI’illliillll’. Ill tlll!i c’~llll”igllrilll(~ll tilt’

pl,lr,t 111)1 \V.ltl’n’ l!. \lll;llill t,! tll;lt (~1” (illV1’rl ( Iill \-1. “Ihc olljcl’tlvl’ (J1 Illlk

ilmltl’J illlilli’’, l~ (’111111 h’ilS to vrrllv Illilt K tl)ll’~-l~!l~l~ ])lil!ll tl(’$il~)l!~ h’lltl .1 I.1’
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S1 system can be successfully cooled and dcprcssurized using a feed -and -hlecd

procedure fnl lowing a Lot%” event.

The fcecl-und-h]eed procedure was ag;lin initiiitcd tit loss -of-secondtiry htilt

sink. 13ccdusc the analysis modeled a delayed reactor trip on 1Ow

ste~m-generutor liquid level, the loss-of-secondary he~t sink occurred iit 840 w,

which wus much earlier than would be ?he case if the reactor tripped iIs

designed. We assumed the operators detected the steum-generator drycul and

initiated feed and bleed at 960 S. The primtiry pressure (Fig, 11) quickly

decreused from the n~,rmal operating pressure to 8.2 MPiI (1175 psifi) and then

slowly increased from dec~y heot tidclit ion to tihout 11.6 Ml)ti (lbS!) psiti) at

2250 s, At thfit time. the upper plenum ‘\nd hot legs voided sufficiently for the

upper plenum vupor to escupc tllrougl) the PORVs. This high volumetri~ vilp(~r l“l(\w

provided pressure relicl’, illld the prim~rv pressur~ decre{lsed tl)erei!l’ter.

reaching the tic~un]ultit(~r Llikchilrgp p,essure tit 4490 s. The S1 l“li~w diJ not

sturt unt i 1 103[) s when tllr pressure dropped below lllr shlltc~l’f’ llCilll. dlld st~~pped

when the prinlilr~ pressure Increilscd ~bt}vc the SI pump shutt~l’1’ pressure I)elwccn

16S() unil 258(~ s, Tile S1 I“low Lontinued u~intcrrupteJ tl)crcilltcr. The minimum

Vessel liquid inventory WilS reilL’l,Cd ilt 3500” % illlLl lnLrc:lsfJ tllCrCill’tCl’, 1’111’ I

Clilddlng tcnlperiltllres rclnii ined 111’ilr (br hel(lw Silt llrilt 1011 tl]rl~ughi~ut the

tTilll!+l Cllt, Thus , the l“eCd-iind-l~lC~d prllcedurc w~ls cllcctlve in trtin~itl~’nil~y,

tllc Plilllt I’ronl redct(~r trip tt) il 11(!1 . h(~liling Lt~lldlti(~l?m

4, I: X1’I:N$ION 01” RI: SULTY

l)Clilllrll tllCrlVil l-t}V(l~illlll( StlllllC} tlilVC I)(CI1 prrl’(~rmrJ I“(lr ;11 lCil%l (Jl:r

pl;lllt i~l cilLl) 11$ I)WI( vrnll(!r t,} LIclcrllllllc if l’~tf,,l iln(I I)IL’CII Ik il VlillllC prtltrdurc

till’

Ill

(’ (’LI
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cirn be applied successfully, ~lcarly. this is an amtritious undertaking. .4t

least four approaches huvc been identified I“or meeting this ob~ective. In order

of incrcilsing cost and ej”fort they iLre (1) simple inspection. (2) cnhtinced

inspection, (.3) use of simplified plant specific mr)dcls, and (4) use Of detailed

models (or ciJch pliint. This first irpprouch. simple inspection. ~pplics to

plants having charactcris!ics similirr to those for which detailed studies have

been pcrlormcd. insights from the dettiilcd studies tire hcirvi]y wcighte(l in tht

inspection process. Simililr plants are assumed tt~ perform in lhc SilmC milrlner ;Is

the plants for whicl} dettii led ctilculati(~ns hflve h-en performed, Those pliints

jUdgrd to(’. dissimiltir tire eXL”]lIded from the prtlcess ilnd no exter~iou stiitcments

urc mtide for those plilnt%. Thi% procedure is cot difl”i~ult iIrLl requires little

~dditi(lnill el”f”or! tt~ complete, We

the four Llescrihed.

Tt]e SeUonL] prt}cedure Wc L’ti]

elements .~l” !imple ln~pcctl(~n but

The inspect iofi process is enl]irnc’ed

1 (!Jl)lilllCL’Ll insprcti~)n. It c(~nt;iins illl tll(’

lIIL’]Udf?S limited pldnt-specil’ic LillCUliltll)17~.

I)y constructing Plilrlt specific l’CcLl-ilnd-l)l CCd

vper;llin~ MilpS[7]m ll~~wcvcr. we llilVC dclcrmincd Itlilt l“cCd-ilnd-l)]eCti operut ln~~

Illil p!+ . illtll(~ll~l) US(?I”UI I“or enhilnt iny ull~lcrktirndin~! () I till’ cllcr’g,’ il IILI nlil S S

rL’liltl(Jll+tllp\ llurin~ trilnsicnts I(JI’ whicl) drtililtd t~ilrlslelll LillCilliltiotlS l)ilVC

I)L’Cl) ])1’l,]lilr’Cll, ilrC’ 1101 USL’I’111 ii~ prclllctlv, to(~ls[~], .411CrllilllVC Uppl’(lilltles

I’llr Clltlill”, L 111[1 11)(- lnsp(’Lt 1,)1: pr~~ccs% I];lvr not hrcll idcntil”lcd.

‘1111’ 11111’11 il])~l(lillll USC$I illl tllC inspclt 1(!11IlltIlrl))ilt 1(111 I)llt Cli!]}llil S17, C\ 1 11(’

dcvrl(lplllcrll illltl U’~C (11 \lmIJlil’lcd lllill)t-~]l~~ll Ii Illt!dcls 111,11 ilr~ incxl,~nklvc Illlt

S1111 (ilJ)tlll U 111(’ d~,mltl;lrll jlllCll(lMCllil (Jl” I’CL’(l illlll I)ICCII, II(!wcvrr, SIIL II I1l(ILI(’ l\

W(lll I(1 SI I I I I)c l]:ill)l),lWCr 11’lrllslvc illlfl lllil V rc(ulrcI il 11 cxtcnsivc (l\llil Ilil\l’ II!

cn~urr 111,11 Itl(- ]llill)t\ III’(’ ]Ir(I~>crlv mo~l(,l(,,l, ‘1’11(’ I(lllltll ilppr(til(”ll IS tllilt t,lkL’1’

11~1’ IIIC 1(1111 lllill)l-\l)Ciill( stullics LI\IILluitc J llIus l,Ir, l)ct,lilct~ ]llilll t-Sl)(’1 111(
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models arc cicvelcrped and plant performance simulutcd using a detailed systems

analysis code such as TRAC-PFI to perform lrtinsienl c~lcuiiit ions, Although we

have the most confidence in the results produced using this approach. the co\ts

arc prohibitive.

Withiri the time and funding constrtiints of’ the US] A-45 progrom. only the

first two approaches were investigated, As previously discussed, the techniques

th,at ;C had identified for enhanced inspection were inadequ;lte, Thcrel’ore, we

relied on sifn~le inspection ior our extension stdlcmtnts. While rctil i Zing the

inherent limitations nf this method, we believr thi]t t!]e rcsultfint extension

statements udcquutcl~ churactcrizc the tibility 01’ given pl:lnt% to successfully

fc~ti ~n~ b]eed, The process 01’ extensiorl l’rom our insights about plants for

wt?i~h we pcrl”ormcd dcttiilcd cillcu]:ltiolls tt~ u Ill-odder cldss of p!ill’t~ is

illustrtited in Tilhlr 1.

We llilVC sclcctcLl SIX (’II plilntS 1“.lr l.ur examples Arktinstis Nucleilr one-2.

(~illVcrt (“lil”l”s-1 ill!~l 2, l“~~rt (“;!lh(lun-1, Stm Lucic-1, ilnd Millllc Yilnkrc, (’ill \JCrt

(’1il”l’s-1 is the rcl’crcn~c pliltll I“tlr which delilllCd CillKUliltl(JnS l)ilV(’ been

pcrl(}rmcdl (“illvcrt (-lil’l s-2 Is ncllrlv Idclltlcil] t(l (lll\fCrl (’]il’l k-l ilntl S(1 l~v

simple Inspect 1011 will pcrl’(~rm !illl)llill’lV dU1’lllf I“cc(l ;In(l Illccd, Arkilll~il\

NUI 1~’ilr (~IIc-2 IS II(It e(luIppcLl with I’ORVS: h(~wcvcr, It d(J(IS tliiv~~ ii VCIIt villvct

WC Wcl’r Ullill)lC 111 L!Cterml!?C ttlC Vcnl V:IIVC r~’ll cl” I“ilp:lLltV, Tllrrrl”~~rc wc nlilkr

Il(lt cxlcllsll~l: Stilt(’1ll(’lll S l’(~r Illlk Plilllt. l“(~rt ( illlll~lll! I llil~ il ct~rc tllCrlllill

rilt 111~: Silyhtlv ~lvrr Ililll’ tll~ (’illVel’t (“lil’1~ I VdlU[”m ‘1’11(“ I)ONV rcllcl

(ilpll( ltv/Mwl 1% }’leillCr IIlilll (II IVCI’I (“Ii ll\-1. tl)~ KIIUI(lI”I’ 11(’il(l IK tli~llrr, tll[’

111’1 dcllvrrv l’illC 1~ }il(’ill [’l’, illl(l tllc iliilr}:lt)}: dc’llV~l’v I’ilt(’ is IIISIJ l::r~’cr’l

llCtllll\t’ I(}rl [ill tlllU1’ I cltllcr merts tlr cx\rril\ ll~c (illvrrt (’1ill \-1 pilr:lmrtrrs

111(’l!tlllc’11 il\ llup(\r 1 ,llIt t,! 1(, C(I illl(l I)l@[’ (1, K(’ ~lilll’ I)v \llllpl V Illkp(’t I 1(~1: 1 Ilill

ICC(I illl(l IIICCII kill ill~ll Ilr ~ULUCS%l Ul II:lLICI’ Sllllilill lll’llllll~ lillll~k, (’.}l., II
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inititited no later than the loss-of-secondary heat sink. St. Lucie-1 is also

similar to (’a]vcrt [’]iffs-] and so hy simple inspcct]~fi wil] pcrforrnsirni]~r]v

during feed tinf! bleed, The l~lst plfint in Tiihle 1, Milirie Yankee, is qu

different frt~m the reference pltint. In ftict, this plant more closely resemh

~ and 13&W plants thtit have high-pressure S1 systems. Although not evidenced

Table 1. d compur ’son o! Maine Yankee with such plunts leads us to sttite

simp]c inspection that Mtiine Yankee ctin feed und i.,eed successfully fis late

te

es

!n

by

ii S

the time oj” primary s~stcm scturilt ion, In contrtist. (-tilvert (’liffs-2, tort

(’~]houn-1, and St. Lucie-1, like Itle Culvert (-liffs-l rcfcrenc: plilnt, CiIII fe:d

ilnd bleed Succcssl”ull’j t~nly if initiutcd no ltiler th~: loss-of-seconddry hetit

sink,

$u~larv rcsuIts of” our feed tind bleed studies iirC presented in Tuble 11.

We htive previously cliscusscd the (-1: results, With the exception i}i Miline

}’unkce, wc believe the Iikted (-1: pli.Ints Ciln succcssful],y I’ced tind h]eed If tlie

proceilurc is Illitl il led Ilil lilttr tllilll ]oss-ol’-s ec(lndilr~” l)cilt sink, Wc l)elicVc

tl)ilt ill] t]le ]IAK ~]illltS ]]StCL! Cilr, SUC1’rSSl”Ull~ feed illld Ill red ilS Iiltt il~ tllti

time ()[’ pl’lC)ilrV SVS1 (’111 %illllrilllllll. Thc ~ p]ilnts present il morr c~,nlp]ex pt~turc

tleCilUSu tllc nunlbrr (11’ l~}(lp~ V~IrV iIII(l l)~~ilusc tl]~r~ ilr~ II;J, ]1~, illl(l Ll) S] p]ill)t\i

II; p(’n(’rill, WC llilVC USCd IIIC LICtilllrLl C;ilCUliltioll% Iol” /.l(lll-l, il hl~’11-pressure

51 pl;lllt. ;IK tt)r 1);1%1s l’(~r cxtcn~lin}l ~() I)(lt]l (“~}ur-l(,(,p i]n~] t]lrc~~-]~)(}pm Ii]) $]

p],lllt%, Il{\wrvcr, Wr Iccl 11’ss (OR[”l(,lcl,t with t h 1’ tllrcc-lt~~~p exlcl)sl(ll:

~tllten!rnl\m ‘l”tl~ Il. Il. N(llllll%~ll;-2 illlill-/Sl% WilS pcrl~lrmcll t(l pt,ll)lt till’CC t~l)~~

,1 [ CXtCll\l(~ll %tilt Cn)rl’t S: Iirsl, t~l ~lthrr l(~ur-ll)~lp ill)(l thrcr-lo(lp 1.1’ s] plilllt\t

Srl(ll)(l, l.) 11){ l’(,il\l’ (1111 (“0111 Illrl)ic 11) the lhlrr-l(~l)p. 111) 51 plilnt cxtrll\lill,

klill[’ll!Cl!t\, ill)ll I 11I I’ll . t,) pcrtllll \IL+ I(I Il)ilkc cxtct;~loll sliltcnlcllts Ior W lw~I lIItIl!—

pl,ll)~\ Wll]l Illltll 1,11 illl(l Ill’ %1 \v\l(’ill\, A~illl;, w(, Ililvc 1(’\\ ((~1’1 1(1(’l)i’c 11’ Ill[’kc

%till(”nl(’ill\ 1)(.L;lll\(’ Wc Ililvr 1)111 prlll)l”nll’,1 il 11(’lilll{”(l ill)illv\l\ l,,! ,1 lw!~ I(II!IJ
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plant. In addition. we do not fee] ccnfidcnt in making extension statements for

feed-und-bleed success at tjrne of primary systcm stiturat ion for any LP und 11] S1

plunt.

5. . LT)!WLUSIONS

As we begin our summary statements and conclusions, wc wish to ernpl)asize

that our studies have assumed that the equipment used to effect a feed-and-bleed

procedure is available and operable throughout the course of euch tr;insient

studied, In the iictutil plants, this tissumpt ion ma v not be full”il led.

Therefore, we emphasize the need to examine eiIch pldnt in detti,l to determine if

the required equipment, instrumenttit inn, and procedures ure in place to pc~mit

the use of l“ecd find bleed us tin effective alternate if the normal cooling mode

through the SteilrY gerler;lt(lrs tire untivtii]tib]em We h;lve concluded the fcl lowing

~bout the I’eed-find-hlced procedure,

1, l:CCd illld blcc,l is U potent iti]]y useful illtcrhiltiVe nletliod 01” dCCilv

hetit removill in PWRs following the luss 01’ n(~rmill c(~llliny mode thr(~ugll

the $tCilfll gcnerdtorst The mctht~d relics (~n the existence (1 1“

primtiry-~vstcm PORVs to pr(~vidc ti piltllWilV f(Ir the rclcilse (~1’ lt~rr

LICcily hctit dnd sufl’:cient S1 Cil~ilC’ltv 1,1 clcllvcr C(l(llilllt 10 tl)l’

prlnlilrvm

-)
AI “II (’ ilVilllAll)illlV () j hi~h-prcssurr S1 Aclivrrv CilpilCltV frCiltlV

Cl)llilllL’CS tt)(’ rcl Iill)l I ilv (11’ thr l“ercl-dnd-lllCcd (~pcrot i(ln, l)lilllt~ Wllll

1)11]~ l(}w.pressure or illtcrllie(l lillc-prcssu r(’ SI svstcnls must inltidtc

I’Cl”l! illlll I)ICCLI 110 liltCY thiIIl tllr lI\ss-,\I.scltIIiLliIrv brat sink. pli,,,t~

with Iliyll-prck%urf S1 sv~tcmh (:111 Sultrsslullv USC I’ccd illlil 1)1 ((-11

Unt II thr time ~Jl prllilill”V %vslrlll S,ilurilll(ll:.
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3. . PORV capacity bccomcs important during the transition from reactor

trip to either RHR or Lpl entry conditions if on]v safety-grddc woter

sUpplies fire considered. Plants with il single, smal I FUN

deprcssurize slower than plants with two larger POR’/s. Safety-grade

water supplies lna~ be consume~ before ~tili or LPI entry conditions tire

reached.

4. Simple inspection is u useful technique for extending the limited set

of detailed plfir.t-specil”ic cdlculfit ions tt~ a brodder set 01 plontsm

However. we are less confident in the accurticy of’ our conclusions

reached by simple inspection than those based o R detailed

plunt-specific ctilculilt ions.
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TABLE I

EXAMPLE OF SIMPLE 1NSPIXTION PROCESS FOE C-C PLANTS

(Data from Ref. [9])

Arkansas Calvert

Nuclear One-2 C1iffs-l, -2

Vent Valvc[lO] 56.7

(Capacity

Unknown)

1517
!

1257

(). 18

()

(). 16

()

(). 05 (). 05

i
b. . . . . . . . — .- —

Fort

Calhoun-l

69.7

1387

(~, ]{)

()

(). 08

St.
Lu~ie-1——

.9.8

]~57

(). 17

()

(). 05

Muine

Yankee

57.()

2471

I,)m27

(), 2i

(), 17
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